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AB A gramineous plant (Gramineae) having tolerance to iron deficiency and 

capable of vigorously growing even in calcareous alk. soil, constructed 

by 

transferring a gene for an enzyme in the mugineic acids biosynthesis 
pathway in gramineous plants into a gramineous plant, is disclosed. A 
method of constructing a transgenic rice having improved iron 
absorbability having a gene encoding nicotianamine 
aminotransferase (NAAT) ; and seeds, cells, and crops from the 
plant, are claimed. Nicotianamine aminotransferase (NAAT), the key 
enzyme 

involved in the biosynthesis of mugineic acid family phytosiderophores 
(MAs), catalyzes the amino transfer of nicotianamine (NA) . MAs are found 
only in graminaceous plants, although NA has been detected in every plant 
so far investigated. Therefore, this amino transfer reaction is the 

first 

step in the unique biosynthesis of MAs that has evolved in graminaceous 
plants. NAAT activity is dramatically induced by Fe deficiency and 
suppressed by Fe resupply. Based on the protein sequence of NAAT 
purified 

from Fe-deficient barley (Hordeum vulgare) roots, two distinct cDNA 
clones 

encoding NAAT, naat-A and naat-B, were identified. Their deduced amino 
acid sequences were homologous to several aminotransferases, and shared 
consensus sequences for the pyridoxal phosphate-binding site lysine 
residue and its surrounding residues. The expression of both naat-A and 
naat-B is increased in Fe-deficient barley roots, while naat-B has a low 
level of constitutive expression in Fe-suf f icient barley roots. No 
detectable mRNA from either naat-A or naat-B was present in the leaves of 
either Fe-deficient or Fe-suf f icient barley. One genomic clone with a 
tandem array of naat-B and naat-A in this order was identified. Naat-B 
and naat-A each have six introns at the same locations. The isolation of 
NAAT genes will pave the way to understanding the mechanism of the 
response to Fe in graminaceous plants, and may lead to the development of 



cultivars tolerant to Fe deficiency that can grow in calcareous soils. 
Acquisition of iron deficiency tolerance in rice transformed with barley 
NAAT encoding genes naat-A and naat-B, under the regulation of CaMV 35S 
promoter, was demonstrated. 
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The essentiality of Fe, the Strategy I and Strategy II mechanisms of Fe 
uptake in higher plants, the biosynthetic pathway for the mugineic acid 
family phytosiderophores, nicotianamine synthase, and nicotianamine 
aminotransferase (NAAT) are discussed. Prodn. of Fe deficiency-tolerant 
rice by introducing naat-A or naat-B genes is reported. Under 
Fe-deficient conditions, NAAT comparative activity was 5 times higher and 
the amt. of deoxymugineic acid secreted was 3.5-fold that of the 
wild-type 

strain . 
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Nicotianamine aminotransferase (NAAT), the key enzyme involved in the 
biosynthesis of mugineic acid family phytosiderophores (MAs), catalyzes 
the amino transfer of nicotianamine (NA) . MAs are found only in 
graminaceous plants, although NA has been detected in every plant so far 
investigated. Therefore, this amino transfer reaction is the first step 

the unique biosynthesis of MAs that has evolved in graminaceous plants. 
NAAT activity is dramatically induced by Fe deficiency and suppressed by 
Fe resupply. Based on the protein sequence of NAAT purified from 
Fe-deficient barley (Hordeum vulgare) roots, two distinct cDNA clones 
encoding NAAT, naat-A and naat-B, were identified. Their deduced amino 
acid sequences were homologous to several aminotransferases, and shared 
consensus sequences for the pyridoxal phosphate-binding site lysine 
residue and its surrounding residues. The expression of both naat-A and 
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and 



naat-B is increased in Fe-deficient barley roots, while naat-B has a low 
level of constitutive expression in Fe-suf f icient barley roots. No 
detectable mRNA from either naat-A or naat-B was present in the leaves of 
either Fe-deficient or Fe-suf f icient barley. One genomic clone with a 
tandem array of naat-B and naat-A in this order was identified. naat-B 

naat-A each have six introns at the same locations. The isolation of NAAT 
genes will pave the way to understanding the mechanism of the response to 
Fe in graminaceous plants, and may lead to the development of cultivars 
tolerant to Fe deficiency that can grow in calcareous soils. 
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Complementary DNA clones encoding 2 isoenzymes of 
nicotianamine aminotransferase are provided from 

iron-deficient barley roots. The 2 isoenzymes are 461 and 551 amino 

in length. These enzymes with a single or plural amino acids deleted, 
replaced or added, and having nicotianamine aminotransferase activity may 
be used (no data) for enhancement of ability to absorbing insol . iron in 
soil and for improvement of resistance to iron deficiency in plants. 
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in the biosynthetic pathway of mugineic acid-family 
res were cloned. Initially, the genes for 
synthase and nicotianamine 



aminotransferase were confirmed to be induced by iron (Fe) 

deficiency and were partially purified. The partial amino acid sequences 

of the "d" peptide were detd. on 2D- PAGE, which appeared to be specific 

to 

Fe-deficient barley roots. Finally, seven Fe-def iciency specific clones 
were selected by "differential screening" of a cDNA library constructed 
from Fe-deficient barley roots and three DNA clones (Idsl, Ids2, and 

Ids3) 

were sequenced from amongst these. Strategies to clone the genes 
essential for the synthesis of phytosiderophores are discussed. 
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AB A review with many refs. on cloning genes encoding enzymes in the 

biosynthetic pathway of the mugineic acid family of phytosiderophores . 
The Fe-deficiency-induced genes which have been cloned in barley roots 

are 

nicotianamine aminotransferase (naat) , formate 

dehydrogenase (Fdh) , adenine phosphoribosyl-transf erase (Aprt) , 
alcoholdehydrogenase (Adh) , and the iron deficiency specific clones Idsl, 
Ids2 and Ids3. SAM synthetase (sam) was not induced by Fe deficiency. 
Genes of nicotianamine synthetase (nas) and a 36kD-peptide were not 
successfully cloned. The physiol. importance of these genes are 
discussed. 
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